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1 Electrodialvsis Apparatus 

2 

3 The pr^ent invention rdates to an dectrodialysis apparatus for purifying v^ater and also mibiaoes a 

4 method of dectrodialysis. 

5 

6 As will be weD known to those sldlled in the ait, electrodiafysis conqnises passing a desalting stream of 

7 water to be purified between an anode and a cathode. Pmn-sdective mCTbranes are po^oned 

8 b^eenlhe desalting stream and the electrodes, sudi that cations migrating towards the cathode pass 

9 through a cation sdectivemmdxrane^wlulst anions nugF^^ 

10 pmn-sdective membrane. As electrodialyas proceeds, the wator to be purified is prpgresdvely 

11 dq)leted of ions. In some instances, an ion exdiange rean bed is placed in the desalting stream, and 

12 tUs has the advantage of maintaiiung the dectrical conductivity of the water to be purified as 

13 ddonisation proceeds. Electrodidy^ in which an ion exdiai^e resin bed is used in tiie wa^ 

14 purified is known as dectrodeionisatioa 

15 

16 US-A-3645884 (Gilliland) (fisdoses a five con5)artmait electrodeiomsation cell comprising out^ 

17 anode and cathode compartments and a cratral concentrating compartment. A 

18 desaltmg conqmrtment is positioned between each electrode compartment and the c^itral 

19 concentrating compartment. The 

20 desalting compartment nearest the anode is separated fi-om the anode chamber and firom the central 

21 concentrating con^artm^t by two, respective cation selective membranes. Similarly, tiie desdtii^ 

22 compartment nearest the cathode is separated fi-om the cathode chamber and firom the concentrating 

2 3 compartment by two, respective anion sdective membranes. 

24 

25 In operation, water to be purified is passed through the two desalting compartments in succcsaon, and 

26 a voltage is applied across the anode and cathode, such that cations are caused to migrate fi-om the 

27 water to be purified in the desalting compartment nearest the anode into the central concentrating 

28 compartment, and anions are caused to migrate from the water to be purified in the desalting 

29 compartment nearest the cathode into the concentrating compartmatit. Each of Ifae desalting 

30 compartmaits conq)rises a porous bed of ion exchange material. 

31 

32 According to US-A-364S8S4, the anode compartment is filled with a weakly addic sohition, TvfaSst the 
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1 cathode departmoit is Med with a weakfy alkaline soKitioa Thus, in operation, hydromum ions from 

- 2 the anode compartment are caused or aUowed to pass into the adjacmtdesah^ 

3 in driving out the cation inqiurities in the v^ater Analogously, Iqrdroxide ions in ^ 

4 cathode conqpaitment are caused or aDoiived in use to pass into the jw 

5 to as^ m driving out the anion inqiurities fiiom the desalting stream hito the central concoitratuig 

6 chamber. 
7 

8 US-A-364S884disdoses that a 0.08SN sodium cMoridesohition is ddonised^f^^ 

9 hours by impressing a current of 12 anq)eres at 10 to 20 volts across the ion exchange beds, a final 

10 product having a sodhmi ddoride concoitration of 0.0085N is adueved, indicating a 90% removal of 

11 ions fix>m the water to be purified. The final product vwit«- has a conductivity of 1025 jiS/cm at 25<»C. 

12 

13 It is an object ofthe present invention to provide an improved dectrodialyass^ 
14 

15 In particular, it is an object of the present invention to provide an dectrodialy^s apparatus ^ch is 

16 capsbh of producing M^y-purified v^ater, that is v/ater having a conducti^oty of less than 0.20 (iS/on, 

17 i.e. a re^stivity of at least SMQ-on and, under suitable opiating and feed conditions, of at least 

18 15MJl-cmi.e. a conductivity of less than 0.067 fiS/cmat25^C. 

19 

20 According to one aspect of the present invention therefore there is provided an electrodialyas 

21 £q>paratus for purifying water, which apparatus comprises means defining an anode chamber, means 

22 defining a cathode chamber, an anode means disposed within the anode clmmber, a cathode means 

23 disposed within said cathode diamber, means defining a desalting stream flow path be^ 

24 and said cathode means, means defining a concentrating stream flow path adjacent said desalting 

25 stream flow path, means for causing or allowing water to be purified to flow within the desalting 

26 stream flow path and means for cau^g or allowing a fluid adapted to recdve ionic impurities fi*om the 

27 water to be purified to flow within the concentrating stream flow path; vAiermi said desalting stream 

28 flow path comprises a first portion juxtaposed the anode means and a second portion juxtaposed said 

29 cathode means, and said means defining the desalting stream flow path comprises two first partition 

30 means that sq)arate the first portion of the desalting stream flow path fi-om the anode diairfjer radtiie 

31 concentrating stream flow path respectively, which first partition means are selectivdy permeable to 

32 cations and are spaced apart on an axis between said anode means and cathode means, xaidtwa second 
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1 partition means that sq)arate the second portion of the desalting stream flow path from the cathode 

2 diamber and the concentrating stream flow path respectively, vftidti second partition means are 

3 sdecttvely pemseable to anions and are spaoGi apdii on said axis; characterised in that each tif ssdd 

4 anode and cathode diambm contains a pon)us bed of ion exdiangeniat^ 

5 

6 In sonie embocfiments, the cathode diamber may contain ani Said anode cfaambor 

7 may contain cation exchange rem 

8 

9 In anoth«- aspect of the pres^ invention there is provided a medKxl of dectrodialy^s conqmang 

1 0 cauang or allowing water to be purified to flow m the desalting stream flow path of an dectrodial^ 

11 apparatus in accordance with the presmt inv^on, cauang or aDowing a fluid adiq>tedtoTecdveiornc 

12 in^Huities from ssld water to be purified to flow vniim the concentrating stream path and ^plying a 

13 voltage across the anode means and cathode means. 

14 

15 In some mbodiments, substantially pure water may be caused or allowed to flowinifae anode andAn* 

16 cathode diamber, and preferably substantially pure wat^ is used in both the anode diamber and the 

17 cathode chamber. By "substantially pure water" is meant water having a reastivfty of at least IMfi- 

18 cm, preferably at least ISMQ-cm. 

19 

20 It has been found that the electrodialysis apparatus of the present invention can be used to produce 

2 1 high purity water, that is water having a resistivity of at least 15Mil-cm. 

22 

23 Conveniwitly, the substantially pure water used wthin the anode and/or cathode diamber tnay be 

24 water that has been purified uang the apparatus of the invention. Typically, means may be provided 

25 for supplying water that has been purified in the desalting stream flow path to the anode and/or 

26 cathode chamber. It is also envisaged that m some cases, the water used in one or both of the 

27 electrode chambo- may be recyded through a secondary purifier, e.g. a second dedrodialysis xyr 
2 8 electroddonisation device. 

29 

30 Preferably the fluid supplied to the concentrating stream flow path is also substantially pure water, and 

31 in some embodiments means may be provided for supplying substantially pure water ihat te irecn 

32 purified within the desalting stream flow path to the concentrating stream flow path. However, the 
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1 invention also embraces the use of water of lowo* quality inNthe conooitrating stream flow path. 

2 ^ 

3 The electrodialy^s ^paratus of the present invmtion does not require the addition of actd or TikzSi to 

4 the dectrode chambers and relies on water splittiiig at the electrodes for the g^ionation of hydronium 

5 and hydroxide ions for replraidmig the ion diange redns within the electrode ccmipartments and for 

6 asasting in dri^nng out the ionic inq>urities from .the desattiiig stream flow paths into the concentrating 

7 stream. 

8 

9 In some ^nbodiments^ water that has be^ purified within the desalting stream may be caused or 

10 allowed to flow in parallel flirougih the concentrating stream and at least one of the anode and cathode 

11 diambers. Ahemadvely, the substantially pure water may be caused or allowed to flow ^cces^veiy 

12 through at least one of the anode and cathode diambers and then through the concentrating stream 

13 flow path. Prefb^fy, the fluid within the concentrating stream is caused or allowed to flow counter- 

14 current to the flow of wat^ to be purified in at least one of the first and second portions of the 

15 desahing streams flow paflis. Prefoably the watea- vnAm at least one of the anode and cathode 

16 diambors is caused or allowed to flow counter-current to the flow of water to be purified in at least 

17 one ofsaid first and second portions. 

16 

19 Ssud concentrating stream flow path may contain a porous bed of ion exchange material. 

20 

21 Usually the desahing Stream flow path wiU contain a porous bed of ion exchange iiiate^ Said first 

22 portion may contain cation exchange re^ and said second portionmay contain anion exchange resia 
23 

24 The watCT to be purified may be passed through the first and second portions of the desalting stream 

25 flow path in any order, although pref^-ably the water to be purified is passed through the first portion 

26 first, followed by the second portion. In this way, the water to be purified is addified in the first 

27 portion by the presence of hydronium ions gwierated by watCT splitting at the anode. Tiie water to be 

28 purified is thus slightiy addic when it enters the second portion which contains hydroxide ions 
2 9 produced at the cathode. This arrangement, as wll be appredated by those skilled in the art, will assist 
30 in redudng the build-up of scale in the apparatus. 

31 

32 It is envisaged that in some ^bodimoits the wat^ to be purified may be passed in succession througti 
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1 two or more dectroddonisation ^paratus according to the present inv^tioa 
2 

3 In another aspect of the present invention therrfore there is provided polydectro^afyms apparatus 

4 comprising two dectrodiat;^ apparatus in accordance with the present invendoa In some 

5 mbodimeiits, one of the electrodes of the polydectrodialyas apparatus in accordance with the 

6 inv^on may be ^ared by both dectrodia^^sis apparatus. The polydedrodialyas i^paratus ma^ 

7 oonq)rise a sin^e anode or cathode that is common to both dectrodialy^s apparatus. 

8 

9 Whm the wato- to be pinified passes through two dectrodialyas q)panitus in accordance with the 

1 0 pres^ inv^on, it is pr^rred that the water to be purified passes success^^y fhrouglh the first and 

11 second portions of the first dectrocfial^s ^)paratus, and then through the second and ftst podions in 

12 succes^on of the second dectrodialyas q)paratus, so that the ivater to be purified is g^^en a final 

13 polish by passage through a cation exchange resin bed. 

14 

15 Following is a description by way of example only with reference to the accpmpan y ' mg di a wiugs of 

1 6 embodiments of the present invention. 

17 

18 In the drawings: 



19 

20 Figure 1 is a flow diagram of a first dectrodialysis apparatus in accordance with the present 

21 invention; 

22 Figure 2 is a flow diagram of a second electrodialy^s apparatus in accordance with the present 

23 invention; 

24 Figure 3 is another flow diagram of a thu-d dectrodialysis apparatus in accordance with the 

25 present invention; 

26 Figure 4 is a flow diagram of a first polydectrodialysis apparatus in accordance with the 
2 7 present invention; and 

28 Figure 5 is a flow diagram of a second polydectrodialysis apparatus in accordance with the 

2 9 present inv^tioa 

30 



31 With ref»:ence to Figure 1, a first dectrodialysis apparatus 10 in accordance with tiie present invention 

32 conqnises an anode 14 and a cathode 16 that is spaced fix>m the anode. Said anode, which may be a 
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1 pladnum coated anode, is accommodated vn&m an anode compaitmait 24 and said cathode 16 is 

2 accommodated vdtfain a cathode conq)artm^ 26. Intennediate said anode and cathode compartments 

3 24, 26 the apparatus 10 conqnises three fijrther compartments, namdy a &st desalting conq)artment 

4 36 adjacent flie anode compartment 24, a second desaWiig conqiartment 46 adjacent tiie cathode 

5 conf}artment 26 and a concentradiig compartmoit 28 inteq)osed between said first -and second 

6 desahing conq)artments 36, 46. 
7 

8 Said anode compartm^ 24 is partitioned from the first desahing conq»artment 36 by a first cation 

9 perm-sdecdve membrane 32 and ssid first desahing comparing 36 is paitidoned ^fixim 1he 

10 concentrating compartment 28 by a second cation perm-selecdve m^hbrane 34. Sinulaily said 

11 cathode compartment 26 is partitioned &om the second desatdng compartment 46 by a first anion 

12 penn-sdecdve m^rane 42, and said second desahing conq>artm^ 46 is partitioned fix>m the 

13 concentrating conq)artment 28 by a second anion perm-selecdve mmbrane 44. 

14 

15 The construction of dectnodialysis apparatus of this kind wiD be generally well known to those skilled 

16 in die art and has been described inter alia in nummus prior pat«it spedficattons (see, e.g. QB-A- 

17 769307, EP-A-0078842, EP-A-0170895). It is awisaged that said apparatus will convcmOTtly 

18 comprise a stadc of juxtaposed compartment-forming dements of predetermined tMckness wth said 

19 ion selective membranes 32, 34, 42, 44 intaposing between neighbouring elements. Said electrodes 

20 14, 16 ynSi be formed as thin plates or screens and each will be interposed between an electrode 

21 conq)artm^t-fonning element and an adjacent end plate. 

22 

23 Each conqjartment-forming element may be manufectured fi-om a thermoplastic matOTal and will be 

24 fijrmed widi a laige, central opcmng that extends through the dement and forms a conq)artment, with 

25 the body of the element defiiung the outer perimeter of the compartment. The elements may fbrtircr be 

26 drilled or moulded with one or more through-bores around the central opening. In the assembled 

27 stack these bores will align with corresponding bores in the juxtqx)sed elements to form ports for 

28 conveying fluids between compartments int«iorly of the stack. The ends of each compartmCTt vnH be 

29 dosed in the assembled stack by the nd^ibouring membranes. An end plate will be provided at each 

30 end of the stadc, and the assembly will be hdd together by such means as a plurality of bolts that 

3 1 extend between the aid plates, through aligning apertures fi^rmed in all of the dements. Compressible, 

32 fluid-tight seals will typically be interposed betwem eadi danent/plate and the iidgjibourii^ 
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1 membranes^ wfaidi seals mD be compressed by drawing the end plates tc^ether ti^itiy by means xftiie 

2 bolts. As this kind of constniction will be graerally finsGar to those skilled in the art, no fiirther 

3 description ofit is given herein. 
4 

5 In the dectnxlialy^s qipaiatus of the present inmidon the tMckness of eadi of ifae desdtfaig 

6 compartments 36, 46 m the dectrode-dectrode direction m^ be in the range S to 40nim, and the 

7 tMdcness of the electrode and concoitrating compartmoits 24, 26, 28 may be in the r^on of 2 to 

8 SQmm. 

9 

10 The anode compartment 24 of the apparatus of Kgure 1 contains a porous bed of cation exchange 

11 resin 25, and the cathode conq)artment 26 contains a porous bed of anion wdiange rean 27. As 

12 cation exchange resin may be used my suitable rean known to those skilled in the art sudi as, for 

13 example, that whidi is commerdally available fix>m Dow liquid Sq>arations under the trade mark 

14 DOWEX MARATHON C. Said anion exdiaiige re^ ms^r smilaify be ai^ suit^ 

15 those skilled in the art such, for example, a DOWEK MARATHON A 

16 

17 Said first desahing compartment 36 also contains a porous bed of cation exchange resin 37 and said 

16 second desalting compaitm^ 46 contains a porous bed of anion exchai^e resin 47. Said 
19 conc^itrating compartment 28 also contanis a porous bed of ion exchange resui 29 whidi may be 
2 0 cation exchange resin, anion exchange rean or a nuxture of both of these. 

21 

22 Each of the compartmoits 24, 26, 28, 36, 46 is provided with an inlet and an outlet. In use the inlet to 

23 the first desalting compartment 36 is connected to a supply SO of water to be purified. 

24 

25 Intonal porting (not shown) may be induded to connect the outlet of the first desaWi^ chamber 36to 

26 the inlet of the second desalting chamber 46, and the inlets/outlets of the desalting chambers 36, 46 

27 may be arranged such that the water to be purified flows in the same direction through both desalting 

28 chamb^ as shown m Figure 1. 

29 

30 Substantially pure water, that is water having a purity of at least IMQ-cm is supplied to each of the 

31 electrode chambers 24, 26 and may also be supplied to the concentrating chamb^ 28 to provide 

32 respectivdy dectrode diamb^ streams 52, S4 and a concratrating, flushing stream 56. 
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1 

- 2 Inuse/anopa:atingvoltageof2to 100Vis J9)pUeda(TOSsth^ 

3 obtain wat^splitdiig at the dectrodes. Cations in the water to be purified are taken up on the cation 

4 exchange resin 37 in the first desalting duunber 36, being replaced in sohition by hydronium ions. 

5 Hydromum ions generated at the anode 14 pass via the first cation exdiange monbrane 32 into the 

6 cation re^ bed under the influence oftheappfieddectrical potential. As they pass through the cation 

7 re^ bed, the hydromum ions regenerate the cation exdiange resin by being exchanged fi:>r cations 

8 firom the wat^ to be purified SO. Hie faydronhim ions and the irnpatitf cations pass \4a the second 

9 cation exdiange m^nbrane 34 into the concentrating chamb^ 28 firom A;^di tiiey cannot i)n>ceed 

10 fiirther towards the cathode 16 owing to the presence of Ihe second airion sdective m«ribrane 44. 

11 The cations are thus eluted 6om the concentrating diamba: 28 by the action of the higji purity 

12 "flushing" stream 56 flowing through the concentrating diaihber 28. 

13 

14 In a similar manner, aiuons in the water to be purified are carried to the conc^trating diamber 28 

15 und^ the influence of the cathode-gen«ated hydroxide ions and the dectrical potential, via the ainon 

16 exchange rean 47 in the second desalting diambar 46 and the second anion sdective maribrane 44. 

17 The impurity aiuons are also duted by the flushing stream 56 witMn the conoentratii^ chamber 28. 

18 The product water 60 is ddivered &om the outiet of the second desalting chamber 46. 

19 

20 Figure 2 shows a second electrodialyas apparatus in accordance with the invention vAidx is suitable 

21 for use on a small scale. Many of the components of the apparatus of Figure 2 are common to the 

22 apparatus of Figure 1 and, for these, the identical reference numerals as used in Figure 1 are used. It 

23 wiD be se«i that the electrodialysis apparatus ofRgure 2 diflFersfi-om that 

24 first desalting chamber 36 is divided by means of mtemal partitions 52 into two subrdiambers 36a, 

25 36b. 

26 

27 The water to be purified 50 is supplied in succession to one of the sub-chambers 36a of the first 

2 8 desalting compartment 36, then to the second desalting con^artment 46 and finally to the second sub- 

29 diamber 36b of the first desalting compartment 36. The water to be purified 50 is thus passed m 

30 succession througji a cation exchange rean bed, an anion exdiange rean bed and finally a cation 

31 exchai^e rean bed which gives the water to be purified a final, polishing treatment. As is also 

32 q)parait fi-om Figure 2, a portion of the product watCT 60 is supplied in paralld to the dectrode 
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1 chambers 24, 26 and to the conoratrating chambCT 28. Although not shown in Rgorc 2, internal 

2 porting is oonvemendy provided in the stack to make the necessary connections between tiie various 

3 diambers. Each of the desalting compartments 36a, 36b, 46 of the electrodialy^ q)paratus of Figure 

4 2 has a ttudmess of Smm in the dectrode-dectrode direction. The mdths of the electrode 
. 5 conq)artments 24, 26 and the concentntting compartment 28 are each about Snmt 

6 

7 Those skDled in the art vnll appredate that the Mgjiest purity water of the flushing stream is thus 

8 aUowed to flow tfaroiig}i the anode diamber 24 and concentrating diambor 28 juxtaposed the flow 

9 through the second 5ub-duind)er 36b of the first desaltiiig compartm^ 

10 water is flowing juxtaposed the water to be purified SO just before it exits the apparatus as product 60. 
11 

12 It has been found that wh^ the dectrodialyids ^aratus of Figure 2 is used to treat redradatirig wata- 

13 fix>m a tank having an initial conductivity of IS to 20(iS-cm, a final purity of 17Ntt2-cm can te 

14 adueved. 

15 

16 A tlunldectrodiafy^ apparatus in acconlanoe with the present The 

17 construction of the third dectrodialysis s^aratus is ^milar to that of the second decUodidysis 

18 apparatus illustrated in Figure 2, and acconfingly the same reforace numerals will be used for like 

19 parts as before. The difiference betwe^ the second and third dectrodidysis apparatus resi 

20 flow path of the dectrode and concentration streams through the apparatus. 

21 

22 In the third dectrodialyas apparatus ilhistrated in Figure 3, a portion of the product stream 60 is 

23 returned throu^ the apparatus and is directed to flow through the anode chamber 24, the cathode 

24 chamber 26 and the concentrating chamber 28 in successioa It will be seen fi*om Figure 3 that the 

25 streams through the electrode chambers 24, 26 are directed to flow in the same direction as one 
2 6 another, with the stream through the concentrating chamber 28 flowing in the opposite direction. 

27 

28 Rgure 4 shows a first polydectrodialysis ^aratus 100 in accordance with the presQit inventioa This 

29 apparatus comprises two dectrodialysis apparatus 10, 10" of the kind desaibed tdxjve^with lefcience 

30 to Figure 1. The components of each dectrodialysis apparatus 10, 10* of the polydectrodialyas 

31 apparatus of Figure 4 that are the same as or similar to the components of the dectrodialysis apparatus 

32 of Figure 1 are indicated by the same reference numerals as used in Figure 1, with the prinrotdngused 
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I to indicate conqKinaits of the second dectrodi^^ IV. 
2 

3 As can be seen from Figure 4, the water to be purified SO is supplied firstly to the first desalting 

4 chamber 36 of the first dectrodialy^s apparatus 10 and then, throu^ internal porting (not shown), to 

5 ^ second desalting dianiber 46 ofthe first dectrodialysis apparatus The outlet -50* of ^second 

6 desalting diamber 46 of the first dectrodiafy^ iq)paratus 10 is connected to the second desalting 

7 duunb^ 46* of the second dectrodialyas ^paratus 10, and intmial porting (not shown) within the 
e second dectrodialy^ appsMas 10 is provided to supply the feed fiom the second desalting chanaber 
9 46'tothefirstdesaltix^duiniber36*. The water to be purified 50 is thus passed succesavdy through a 

10 cation ejodiange re^ bed 36, a first amon exdiange reinn bed 46, a second anion exdiange rean bed 

II 46' and finally a second cation exchange re^ bed 36* for pofislun^ The product wato* 60 is delivered 
12 fiom the oudet of the first desalting chamber 36* of the second dectrodiaiy^apparatus 10*. 

13 

14 Convors^, the dectrode streams 52, 54, 52*, 54* and the oonc«itrating streams 56, 56* are supplied 

15 firstly to the second dectrodialysis apparatus 10 and subsequoitly to the first apparatus 10. TUs 

16 as^sts in redudng fi^ back diSu^on of impurity ions from the dectrode/concentrating streams into 

17 the desalting stream. 

18 

19 As can be seen fix)m Figure 4, the electrode streams 52, 54 exiting the first dectrodialysis apparatus 10 

20 are combined to pro>dde an input stream 71 to a secondary purifier 70. Said secondary purifier 70 may 

21 be any suitable water purifier known to those skilled in the art, although a fiirther dedrodialy^s 

22 apparatus or polyelectrodialy^s apparatus in accordance with the present invention is preferred. Said 

23 secondary purifier 70 has an output stream 72 which is used to feed the electrode streams 52*, 54' of 

24 the second dectrodialy^s apparatus 10. 

25 

26 In the apparatus shown in Figure 4, each of the desalting chambers 36, 46, 36*, 46* has a tluckness in 

27 the electrode-electrode direction of about ISmm, and each of the electrode and concentrating 

28 chambers 24, 26, 28, 24*, 26*, 28* has athickness of about 15mm. 

29 

30 It has been found that whoi operating the polydectrodialyas apparatus as illustrated in Figure 4 for 

31 ova- 2000 hours at a flow rate of 1.0 l/nrin of wat«- of 12 to 15 (iS/on, water hawig a resistivity of 

32 16.9 to 17.2Mn-cm at 25*>C is produced. 
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1 

2 Asecx>ndpofydectrodia]ysis{q)pamtusisi]Im This second q[)paratus comprises two 

3 juxtaposed dectrodialy^ apparatus of the km Ute 

4 second polyelectrodialysis apparatus differs finom that illustrated in Figure 4 in that the two 

5 dectFodialyas q)paratus constituting the pofydectrodialysis ^paiatus are formed as a angje stack of 

6 compartm^-formii^ dements of the kind described above. The dectn>dia|^ds apparatus are 

7 arranged in the stack back-to-badc, so that the cathode diamber 126 of one of ib^ dec tro dialy as 

8 apparatus is di^sed juxtaposed the cathode chand)^ 226 of the other de^ A 

9 central, water-impeivious partition 200 partitions the two dectrodialysis apparatus one fix)m the other. 

10 Water to be purified ISO is supplied to the first desattiiig compartment 136 of one of the 

11 dectrodialyas ^paratus, then to the second desalting compartment 146 of the one appaiatus . A-feed 

12 160 fixmi the second desalting oonq}artment 146 of the one ^paratus is supplied to the second 

13 desalting CQnq)artment 246 of the other dectrodialyas apparatus^ and subsequently to the first 

14 desalting compartment 236 of the other dectrodialyas apparatus. The wato- to be purified ISO thus 

15 passes aicces^vdy through a first cation exdiangerean bed 137, a first anion exchangeresn bed 147, 

16 a second anion exchange re^ bed 247 and a second cation exdiange rean bed 237. 

17 

18 Substantially pure or pretreated water is supplied as a concentrating, flushing stream 2S6 to the 

19 oonc^trating compartment 228 of the other dectrodialysis apparatus and then to tiie concentrating 

20 compartmoit 128 of the one electrodialyds 2q>paratus, so that the concentrating stream flows through 

21 the polyelectrodialysis apparatus in the opposite direction fi-om the water to be purified 150. A 

22 separate electrode rin^ng stream 252 of high purity water is supplied to the anode conq}artmait 224 of 

23 the oth^ electrodialyais apparatus, and then in paralld to the cathode compartments 126, 226 xjf the 

24 one and other dectrodialysis q)par3tus. The cathode rinsing streams are th^ recombined and passed 

25 through the anode compartment 124 of the one dectrodialysis ^paratus. Thus, as with the 

26 concentrating, flushing stream 256, the electrode rinsing stream is passed through the 

27 polyelectrodialysis apparatus in the opposite direction to the water to be purified KO ftiie desahii^ 
2 8 stream). In this way, the back difiusion of impurity ions into the desalting stream is reduced. 

29 

30 Each of the dectrode, concoitrating and desalting compartm^its of the polydectrodialysis apparatus 

31 illustrated in Figure 5 has a thidoiess in the anode to cathode direction of about ISmnx. "Whenifae 

32 second polydectrodialy^ apparatus is opo'ated for over 3500 hours with feed water of 10 to 
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1 20)iS/cin, having 25 to 35 ppm dissolved carbon dioxide, at a rate of 1.0 to 1.5 litres pa imuiJle,1fae 

2 resistivity of the product mter 260 on exiting the stack is finuid to be in the range 15 to 17.5Mn-cm. 

3 

4 As vnHh the electrodialy^ apparatus illustrated in Figures 2 and 3, the polydectrodialyas sqyparatus 

5 ^wninRgures 4 or 5 may be modified so that the concentrating fludung stream and/orlfae tiectrode 

6 rinsing streanis are fed by a part ofthe product water \^di is retumedthr^ 

7 

8 In another variation, the c^itnd partition 200 of the second polydectrodialyffls q)paratus may be 

9 onutted, sudi that the apparatus includes a singfle, c^itral cathode chamb^. Said ^ai^ cadK)de 

10 duunber nu^ indude a asigje cathode or anode ^ch is shared by the said one and other 

1 1 dectrodialysis q)paratus. 

12 

13 The present invention tims provides an improved dectrodialyas ^paratus in "indbicfa water-to he 

14 purified is passed succesavdy througih a cation exdiange resn bed and an anion exchange resin bed 

15 between an anode and a cathode. The anode and cathode are separated from the desalting stream by 

16 cation and aiuon perm-sdective membranes respectively, and the cathode and anode conq>artments are 

17 fined with ion exchange resin mat^ial. Each of the dectrode compartments is sqjpliedi^u'feed-of 

18 substantially pure water, and in use the electrodialysis q)paratus of the invention is fi>und to give 

19 product water of suq)ri5ingly high purity. 
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1 CLAIMS 



■^2 

3 1. An dectiodialysis apparatus for purify!^ 

4 anode diamber, means defimng a cathode 

5 duuhb^^ a cathode means (£q>osed mthin smd cathode chamber, means definite a dessdtmg 

6 stream flow path between said anode and said cathode means, means defining a cono 

7 stream flow path adjacent said desahing stream flow path, nieans for cau^g or allow^ 

8 to be purified to flow witUn the desal^g stream flow path and means for ca^ 

9 a fluid ad^ted to receive ionic impurities fiom the water to be purified to ftiw^^tfainlhe 

10 concentrating stream flow path; \^erein said desahing stream flow path comprises a first 

11 portion juxtaposed the anode means and a second portion juxt£qx>sed said cathode means, and 

12 said means defimng the desahing stream flow path comprises two first partition means that 

13 sq>arate the first portion of the desalting stream flow path fiom the anode diainbet '-andihe 

14 ooncoitrating stream flow path req)ectively, which first partition means are selectivdy 

15 permeable to cations and are spaced apsri on an a»s between said anode means and cathode 

16 means, and two second partition means that sq>arate the second portion of the desahing 

17 stream flow path fiom the catiiode duuhb^ and the concentrating stream 4ow path 

18 respectivety,\)^ch second partition meam are selectively penneable to amons and are s^ 

19 apart on said axis; characterised in that each of said anode and cathode chamb^ contains a 
2 0 porous bed of ion exchange material. 

21 

22 2. An apparatus as claimed in Claim 1 wherdn the ion exchange material in the cathode chamber 

23 is an anion exchange resin. 

24 

25 3. An apparatus as daimed in Claim 1 or Claim 2 wherein the ion exchange materialinlhetniode 

2 6 chamber is a cation ^cchange resin. 

27 

28 4. An apparatus as claimed in any one of the preceding claims wherdn the concentrating stream 

2 9 flow path contains a porous bed of ion exchange material. 

30 

31 S. An apparatm as claimed in any one of the preceding claims wherein the first portion contak^ 

32 cation exchange resin, and the second portion coiitaimamon exchange resia 
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1 

"2 6, An apparatus as daimed in aiQT one of the piiecec^ 

3 to flow through at least one ofthe anode diamber and cathode 

4 

5 7. An apparatus as dainied in Claim 6 viierdn the water to flow through at least one of Ifae 

6 anode dnamber and cathode diaxito is water purified^ 

7 

8 8. An apparatus as ckumed in Claim 7 wherein the water to flow through at least one of the 

9 anode chambo- and cathode chamber is tak^ directly fiom the outl^ wat^ ofthe desalting 
10 stream. 

11 

12 9. An q)paratus as dahned in any one of Oauns 6 to 8 vAierdn water is caused or allowed to 

13 flow succes^dy through the anode diantb^- and then the cathode chamb^ 

14 

15 10. Anapparalusa5cla]medinanyoneofClaims6to9 wfa^idn the water flow flirough^ 

16 one of the anode chambisr and cathode chamber subsequendy flows throu^ the concentrating 

17 streant 

18 

19 11. An apparatus as claimed in Claim 10 wh^dn a portion of the purified water prqjared by the 

20 apparatus flows sequentially through the anode chamber, the cathode chamber and the 

2 1 concentrating stream. 

22 

23 12. An ^paratus as daimed in any one of Claims 6 to 1 1 wherdn water is caused or allowed to 

24 flow in parallel through the concentrating stream and at least one of the anode and cathode 

25 diambm. 

26 

27 13. An apparatus as daimed in any one of the preceding claims wherdn the fluid within the 

2 8 concentrating stream is caused or allowed to flow counter-current to the flow of water to be 

2 9 purified in at least one of the first and second portions of the desalting streams flow paths. 
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1 14. An apparatus as claimed in anyone of the preceding daims herein the water within at least 

2 one of the anode and cathode diambers is caused or allowed to flow counter-current to the 

3 flow of water to be purified in at least one of said first and second portions. 

4 

.5 IS. An apparatus as daimed in any one ofthe preceding daims wberd^ 

6 passed throiigh the first portion first, foUowed l^. the second poitioa 

7 

8 16. An qjparatus as daimed in Claim IS ^erdn the water to be purified flows in the same 

9 direction through both portions. 

10 

11 17. An apparatus as claimed in any one ofthe preceding daims wfaerdn the firs^ 

12 cfivided to form two or more sub-diambers, and vAi&an the desahing stream path flows in 

13 succesdon through one of the sub-diambers of the first desaMng compartment, then through 

14 the second desahing compartment, and subsequently through a second sub-diamb^ of the 

15 first desalting conq)artment. 

17 18. An q)paratus as claimed in any one of the preceding daims wherein the purified water has a 

18 resistivity of at least IMH-cm. 

19 

20 19. An apparatus as daimed in Claim 18 wherdn the purified wat^ has a resistivity of at least 

21 15Mn-cm. 
22 

23 20. A method of electrodialysis comprising cauang or aUowing water to be purified to flw 

24 desalting stream flow path of an electrodialy^s apparatus as defined in any one of Claims 1 to 

25 19, and causing or allowing a fluid adapted to recdve ionic impurities from said water to be 
2 6 purified to flow withm the concaitrating stream path and applying a voltage across the anode 
27 means and cathode means. 

28 

29 21 . A polyelectrodialysis q)paratu$ comprising two or more dectrodia^^s apparatus as defined in 

30 any one of Claims 1 to 19. 
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1 22. A polydectrodialy^ apparatus as daimed in Clami 21 wh^dn wat^ to be pmified limn^ 

2 two dectrodialyds I9)paratu5 passes successivdy through the first and second portions of the 

3 first dectrodialyas {^aiatus, and then succesavdy through the second and first portions of 

4 the second electrodialysis£q>paratus. 

. 5 

6 23. Apolydectrodia]yasq)paratusasdahnedinCIahn21 orCl^ 

7 concaitratmg streams, anode d)and)Grs and cath^ 
e thesqyparatus. 

9 

10 24. A polydectrodiaityias q}paratus as daimed in an^ one of Claims 21 to 23 inchiding a flow 

11 throu^ the anode diainbei^ and cathode d)and)ers,iAdierdn at least one o 

12 flows, cathode diamb^ flows and Ifae concostrating stream flows flow firstly through the 

13 second dect3X>dialy^5 apparatus and subsequently throu]^ the first dec^ 

14 

15 25. Apo]ydectixxlia]^^q}panitusasdaini6dinanyoneofdaims21 to24 w^ 

16 fit)m at least <me of the anode cfaamb^ cathode diambers and concentrating streams are 

17 passed through a purifier fi^r reuse in the ^)paratus. 

18 

19 26. A polydectrodialysis apparatus as claimed in any one of Claims 21 to 25 vAnman two or more 

20 of the dectrodiafysis apparatus are juxtaposed to fonn.a.sin^e stack. 
21 

22 27. A polyelectrodialy^s apparatus as daimed in Qaim 26 wherein two or more of the dectrode 

2 3 diambers are shared by two adjacent dectrodialysis apparatus. 
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